MEMORANDUM FOR: W liam St one
Geodetic Advisor to the State of New Mexico

FROM Charles W Challstrom

Director, National Geodetic Survey
SUBJECT: | NSTRUCTI ONS: GPS ON ABSOLUTE GRAVI TY
STATI ONS

| N YELLOABTONE PARK, WYOM NG ( GPS- 1527)
Task Number: 8K6D2000

GENERAL :

The National Geodetic Survey (NGS) is partnering with NOAA' s
Laboratory for Satellite Altinetry (LSA) in their effort to
nmeasure crustal deformation in the Yell owstone Caldera. NGS
wi |l provide equi pmrent and expertise for both FG 5 absol ute
gravity and GPS neasurenents. M cro-G Systens, under contract
to NOAA/LSA, will provide equi pnment and expertise for A-10
absol ute gravity observations.

Approxi mately 10 to 15 absolute gravity stations wll be
occupied in this project using three dual-frequency full -
wavel ength GPS receivers. Final station selection will be
made by Dr. Anahita Ti kku of LSA

FG5 absolute gravity nmeasurenments and rel ated peri pheral
nmeasur enents (gradients, excenter ties, environnental
nmonitoring, etc.) are needed at two sites in Yell owstone
Nat i onal Park, Wom ng, to provide sub-five mcrogal precision
stations. These neasurenents suppl enent A-10 absolute gravity
measur enents, GPS observations, and associated surveying in a
study of elevation changes in the Yell owstone caldera. Two
sites will be selected fromvarious indoor candidate sites in
Canyon Village, Mammoth, A d Faithful, and Lake.

The GPS and FG' 5 portions of the project will be perforned
under the technical managenent of NGS.

N/ NGS21: DHendr i ckson: 713-3194: ang: 09- 12- 00
A\ YELGPS



PURPOSE:

The Yel |l owstone Caldera is an active volcanic area at the end
of the Snake R ver Plateau - Yell owstone hotspot chain that is
conpletely contained within Yell owstone National ParKk.

Preci se GPS neasurenment will suppl enent absolute gravity
measurenents and will serve as a baseline for future
measurenents of the crustal deformation of the cal dera.

SPECI FI CATI ONS:

Project requirenments for the observations are to ensure 1
centinmeter |ocal accuracy in the ellipsoid height conponent.

Data from one National CORS, two University of Utah/ UNAVCO
base stations, and two U. S. Geol ogi cal Survey (USGS) base
stations in the immedi ate area are to be used in the

pr ocessi ng.

The National CORS is Mammoth (MAWY). The two University of

Ut ah/ UNAVCO base stations are O d Faithful (OFW) and Lake NSN
(LKWY). The two USGS base stations are Hayden Vall ey (HYW)
and White Lake (W.WY).

Positions and data for the Mammbth CORS are avail able fromthe
NGS web site. Positions and data for the two University of

Ut ah/ UNAVCO and the two USGS base stations are avail able from
the followi ng web site:

http://ww. m nes. ut ah. edu/ ~r bsm t h/ RESEARCH UUGPS. ht i

The stations are to be occupied for one 12-hour (overnight)
session each, although, if a stationis within 5 kmof either
the Mammoth CORS, the University of U ah/ UNAVCO base stations,
or the USGS base stations, and is clear of obstructions (clear
sky visibility), the follow ng observing procedure nmay be
substi tut ed:

Two 2-hour sessions on different days with 4 to 6 hours
difference in the start tine.

However, if possible, the 12-hour sessions should be used.
(The determ nation of whether any stations are within 5 km of

one the base stations or the Mammoth CORS will be nade by
Anahi ta Ti kku.)
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Cbservi ng wi ndows have been sel ected, and for the 12-hour
over-ni ght sessions, the observations will begin at 0000 UTC
(6:00 PMIlocal tinme) and end at 1200 UTC (6: 00 AM | ocal tine
t he next norning).

| f two 2-hour sessions on different days are used, they wl|
begin at 1600 UTC (10:00 AM I ocal tine) on one day and 2130
UTC (3:30 PM Il ocal tinme) the next day.

The stations shall be observed continuously throughout the
Wi ndows.

FG sites will be sanpled for 48 hours if the site is on soi
or 24 hours if the site is on rock. Sanpling will be one drop
every 10 seconds and 100 drops per set per hour. Nornal

i ndoor set-up, mark setting, and docunentation will be done.
Vertical gravity gradient neasurenents will be made with 1 or
2 relative gravity neters between heights of 91 cmand 131 cm
with the floor. Excenters should be established and observed
unl ess A-10 neasurenents supercede them If operationally
convenient, FG5 sites and/or excenters shoul d have el evation
or horizontal control brought to it. The field operator has
di scretion to nodify these specifications depending on field
condi ti ons.

In general, station occupation and observing procedures mnust
be carried out according to appropriate sections of the "NGS
Oper ati ons Handbook"” and the current applicable receiver field
manual s. Data formats and digital file definitions are given
in "lnput Formats and Specifications of the National Geodetic
Survey Data Base,"” Volune |. Horizontal Control Data, Federal
Ceodetic Control Subcomm ttee, Septenber 1994, revised and
reprinted Novenber 1998. Success in neeting the accuracy
standards will be based on repeatability of measurenments and
adj ust ment residual s.

CGeneral specifications for the project are given in "Geonetric
Ceodetic Accuracy Standards and Specifications for Using GPS
Rel ative Positioning Techniques,” Version 5.0: dated May 11,
1988, reprinted with corrections August 1, 1989. Specific
project criteria and deviations fromthe general
specifications are given in the follow ng sections.

Project Network - Alist (Table 1) and sketch of stations
involved in this project will be provided.
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Data Acquisition - Data collection nmust be acconplished as
specified in the appropriate dual -frequency receiver field
manual s in the conpressed node at a 15-second epoch coll ection
interval. The GPS receivers nust be dual -frequency and full -
wavel ength. Track satellites dowm to a 10-degree el evation
angl e.

Record weat her data just before and inmediately after each
session. Meteorological data shall also be collected

i medi ately after an obvi ous weather front passes during a
session and i medi ately before it passes, if possible.
Pressure and rel ative hum dity neasurenents nust be made near
and at about the height of the GPS antenna phase center.
Indicate in the log the |location of the baroneter and
psychronet er.

Vect or Conputati ons - Data nmanagenent, quality review of

coll ected data, and final vector processing using PAGES w |
be acconplished by LSA, E/ RA31, with assistance from NGS
Spatial Reference System Division, N NGS2. Vectors shall be
conputed in the International Earth Rotation Service
Terrestrial Reference Franme (I TRF) system using the nost
current epoch and precise | GS ephenerides. Use 30-second
epoch intervals for data processing. Mnunent positions wll
be used for the CORS and base stations when avail abl e,

ot herwi se, antenna reference point (ARP) positions will be
used. Use 15 degrees as the cutoff elevation angle in data
processing. A cutoff angle of 10 degrees may be used when
necessary to inprove results.

The type of final solution, L1 versus ion-free, will depend on
the length of the vectors. For vectors which are |less than 5
kmin length, the final reduction will consist of a L1 fixed
solution. These vectors will be conputed in a separate
processi ng session fromthe | onger vectors conputed in an ion-
free solution. Vectors between 5 to 10 kmin I ength nay be
conputed in an L1 or an ion-free solution, whichever produces
t he cl eanest results.

In general, vectors greater than 10 kmin length are to be
conputed in an ion-free fixed, or partially-fixed, solution
In all cases, integer anmbiguities will be fixed for each
vect or whenever possi bl e.

The quality of collected data shall be determ ned fromthe
pl ot s generated from PAGES, by analysis of repeated vectors
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and/ or conparison of station positions, and free adjustnent

residuals and/or | oop msclosures. |In addition, a constrained
adj ust ment constraining the CORS and all base stations will be
per f or med.

N NGS2 will performall quality checks for conformance with

NGS format standards such as executing software prograns
COMPGEB, OBSCHK, and OBSDES. N NGS2 will assess the final |TRF
vectors and transfer themto the NAD 83 coordi nate system
usi ng program ADJUST.

Station Descriptions - Station recovery notes nust be
submtted in conputer-readabl e form usi ng WDDPROC sof t war e.
I ncl ude the name, address, and, if public ownership, the

t el ephone nunber of the responsible party. M. Bill Stone
W Il be responsible for submtting the descriptions.

Special Requirenents - Antenna set-up is critical to the
success of this project. Fixed-height tripods are preferred
for all receivers. The plunbing bubbles on the antenna pole
of the fixed-height tripod nust be shaded when plunbing is
performed. They nust be shaded for 3 m nutes before checking
and/or re-plunbing. Also, the perpendicularity of the poles
nmust be checked at the begi nning of the project and any ot her
time there is suspicion of a problem

When a fixed-height tripod is not used, the height of the
antenna nust be carefully neasured to prevent station set-up
bl unders from occurring. Tribrachs used for these set-ups
must be checked and adjusted when necessary. Totally

i ndependent neasurenents of the antenna hei ght above the mark
in both nmetric and English units nmust be made before and after
each session. Soneone other than the observer nust check the
measur enent conputations by carefully conparing nmeasurenents
and then entering his/her initials on the | og.

Sone GPS ant ennas have detachabl e ground pl anes and radones.
In order to help identify what exactly was used at a
particular site, it would be useful to have a snapshot of the
setup. All observers should take a photograph of the setup,

if possible, with a close-up of the antenna as viewed fromthe
si de.
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In addition, a rubbing of the stanping of the mark nust be
made at each visit to a station. |If it is inpossible to nake
a rubbing of the mark, a plan sketch of the mark nust be
substituted, accurately recording all markings.

Al so, for each station visited, a visibility obstruction
di agram nust be prepared and the TO REACH descri ption
carefully checked for errors or om ssions.

Lastly, the follow ng nust be recorded at each occupation of a
station:

(1) receiver manufacturer,

(2) antenna manufacturer,

(3) receiver nodel nunber (part nunber),

(4) antenna nodel nunber (part nunber),

(5) the conplete serial nunber of the receiver, and
(6) the conplete serial nunmber of the antenna.

Success of this project requires that the highest quality GPS
data be collected. Therefore, during each station occupation,
the operators shall carefully nonitor the operation of the
receivers. Any irregularities in the data due to equi pnent
mal functi on, DOD adjustnent of the satellite orbit,
obstructions, etc., must be reported to the Project

Devel opnment Branch, N NGS21, as soon as possi ble and noted on
the observing log. |If the quality of observations for an
observing session is questionable, notify the Project

Devel opnent Branch i nmedi ately.

The survey team shall not depart the project area until they
have quality reviewed all data and advi sed N NGS21 and E/ RA3L1.

GPS DATA:

Visibility tables and plots of the present satellite
constellation for Septenber 12, 2000, have been reviewed and a
observing wi ndow sel ected. For operational use, current data
nmust be generated with Trinble m ssion planning software or
from program SATMVAP.

Project report and data listed in Annex L of "Input Formats
and Specifications of the NGS Data Base" and in the attached
addendum for the adjustnent portion nust be transmtted. Any
data consi dered suspect as to quality in achieving accuracy
standards should be sent via FedEx inmediately for office
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review. Backup of transmtted data nust be held until
notified by the Project Devel opnent Branch, N NGS21.

The data set collected during the project shall be naned
"yel 1 090d. 802". Al records in connection with this project
shall be titled “GPS ON ABSOLUTE GRAVI TY STATIONS I N
YELLOASTONE PARK". The project nunber (accession nunber) is
GPS- 1527.

L1 Al SON:

Li ai son nmust be maintained with designated offices at the
Nat i onal Geodetic Survey headquarters | ocated at:

1315 East-West Hi ghway
Silver Spring, Maryland 20910-3282

Questions and probl ens concerni ng adj ustnent processing shoul d
be directed to:

Maral yn L. Vor hauer

bservation and Anal ysis Division
N NGS4, SSMC |11, Station 8562

Tel ephone: 301-713-3176, ext. 104
Fax: 301-713-4327

e-Mail: maral yn@gs. noaa. gov

Questions and probl ens concerning using CORS data in
processi ng should be directed to:

Nei | Weston
Geosci ences Research D vi sion
N NGS6, SSMC IIl, Station 9830

Tel ephone: 301-713-2847, ext. 202
Fax: 301-713-4475
e-Mail: nweston@gs. noaa. gov

Questions and probl ens which could affect the techni cal
adequacy of the project should be directed to:

Stephen J. Frakes (Douglas R Hendrickson)
Chi ef, Project Devel opnent Branch

Spatial Reference System Division

N NGS21, SSMC IlI, Station 8853
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Tel ephone: 301-713-3194, ext. 111 (ext. 127)
Fax: 301-713-4316
e-Mail: steve@gs. noaa. gov (dough@gs. noaa. gov)

The coordinator for the project is:

WIl1liam Stone

Al buquer que Public Works/ Survey
P. O, Box 1293, Room B 2041

Al buquer que, New Mexi co 87103
Tel ephone: 505- 768- 3606

Fax: 505-768-3629

e-Mail: stone-ngs@abg. gov

O her NOAA contacts for the project are:

Dr. Anahita Tikku

Laboratory for Satellite Altinetry
E/ RA31, SSMC II1l, Station 3712

Tel ephone: 301-713-2857, ext. 129
Fax: 301-713-4598

e-Mai | : Anahita. Ti kku@oaa. gov

Dr. David MAdoo

Laboratory for Satellite Altinetry
E/ RA31, SSMC 11, Station 3620

Tel ephone: 301-713-2857, ext. 119
Fax: 301-713-4598

e-Mai |l : Dave. Mcadoo@oaa. gov

Dan W nester

CGeosci ences Research Division

N NGS6

Tel ephone: 303-497-7405

Fax: 303-497-7406

e-Mai | : dani el @ngo. boul der. noaa. gov

Dan Wnester’s physical address is:
Tabl e Mountain Gavity Qobservatory

8600 North 39" Street
Longnont, Col orado 80503- 9050



The UNAVCO contact is:

Dr. Charles Meertens

UNAVCQO' UCAR

P. O Box 3000

Boul der, Col orado 80307-3000
Tel ephone: 303-497-8011
e-Mail: chuckm@unavco. ucar. edu

PUBLICITY:

See "NGS (perations Handbook," Section 1.4.1.

EXPENSES:

Expenses for this project will be charged to task nunber
8K6D2000.

TRAVEL.:

Travel and per diemare authorized in accordance wth Federal
Travel Regul ations, Part 301-11, Per Diem Al |l owances. Current

per diemrates were effective January 1, 2000.

ACKNOW EDGVENT:

Pl ease acknow edge recei pt of these instructions in your
Mont hly Report.
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cc: NNGS - D Zlkoski*
N NGS - S. M senhei ner*
NNGS1L - G Mtchell
N NGS1x1 - W Stone

N NGS11 - S. Cofer

N NGS21 - S. Frakes

N NGS21 - R Anderson
N NGS21 - D. Hendrickson*
N NGS22 - T. Sol er
NNGS3 - E. Allen

N NGS4 - E. Wade

N NGS4 - M Vor hauer
N NGS4 - D. Hoar

N NGS5 - R Snay

N NGS6 - N. Weston

N NGS6 - D. W nester
E/ RA31 - A. Tikku

E/ RA31 D. McAdoo

FGCS Menber s*
Dr. Charles Meertens, UNAVCO UCAR

* first page only
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DATA TO BE SENT TO HEADQUARTERS RELATI NG TO
THE ADJUSTMENT PORTI ON OF
FBN CBN PROJIECTS

Free adjustnent in NAD 83 (UNI X run).

Plots of the free adjustnent created by running
“plotres_pronpt.bsh” on a UNIX server. Plots require a
printer that supports postscript. The output file (long.out)
contains a list of residuals which may be sorted using the
fol |l owi ng commands:

vi | ong. out
:1,% !'sort +0.47 (sorts horizontal residuals)
:1,% !sort +0.71 (sorts vertical residuals)

(OPTI ONAL) Constrai ned horizontal adjustnent hol di ng NGS CORS
positions and ellipsoid heights.

Fi nal conbi ned Bl ue Book file (ASCII required) with *86*
records (GEQ D99).

Final description file (ASCII required.)
Final Gfile (ASCII required.)
OBSCHK out put. * **
CHKDDESC out put . *
OBSDES out put . *
*Any errors or warni ng nessages nust be expl ai ned.

**Errors relating to inconplete *86* records are
accept abl e.



